Abstract. In this paper, we describe the use of an open cell photoacoustic configuration for the evaluation of the thermal effusivity of liquid crystals. The feasibility, precision and reliability of the method are initially established by measuring the thermal effusivities of water and glycerol, for which the effusivity values are known accurately. In order to demonstrate the use of the present method in the thermal characterization of liquid crystals, we have measured the thermal effusivity values in various mesophases of 4-cyano-4 -octyloxybiphenyl (8OCB) and 4-cyano-4 -heptyloxybiphenyl (7OCB) liquid crystals using a variable temperature open photoacoustic cell. A comparison of the measured values for the two liquid crystals shows that the thermal effusivities of 7OCB in the nematic and isotropic phases are slightly less than those of 8OCB in the corresponding phases. 81.70.Cv; 43.90.+v; 44.90.+c Extensive theoretical and experimental studies on the thermal parameters and the critical behaviour of the thermal transport properties of liquid crystals in the vicinity of phase transitions have been reported in the literature [1][2][3]. However, thermal transport properties, such as thermal diffusivity or effusivity of liquid crystals far away from the phase transition temperatures, still remain a subject for detailed investigations because of their importance in device fabrication. Among the various methods, the ac calorimetric method is one of the most commonly used techniques for the thermal characterisation of liquid crystals [4, 5]. Recently, photoacoustic and photopyroelectric techniques have been successfully implemented, allowing a complete quantitative evaluation of the static and dynamic thermal parameters as well as the study of the critical behaviour of these parameters in liquid crystals [6][7][8]. The thermal effusivity, e s , defined by (k C) 1/2 , which has the dimensions W s 1/2 cm −2 K −1 , where k the thermal conductivity, the density and C the specific heat capacity, is a rather abstract thermal quantity. Though the thermal effusivity is a relevant thermophysical parameter for surface heating * Corresponding author. (E-mail: nibu@cusat.ac.in) or cooling processes, as well as for quenching processes, a direct measurement of this quantity using conventional heat flow methods is not easy. The thermal effusivity measures essentially the thermal impedance of the sample, effectively the sample's ability to exchange heat with the environment. Hence, its value is very significant in the case of liquids and in liquid crystals, especially when these are used as temperature sensors or in temperature sensitive devices.
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The aim of this paper is to demonstrate the use of an open cell photoacoustic configuration to accurately measure the thermal effusivity of liquid crystals or any other non-absorbing liquids. To the best of our knowledge this is the first report on the measurement of the thermal effusivities of 4-cyano-4 -octyloxybiphenyl (8OCB) and 4-cyano-4 -heptyloxybiphenyl (7OCB) liquid crystals in various phases other than the crystalline phase. Liquid crystals of this family are well known for their high chemical stability.
Theory
The open photoacoustic cell (OPC) is actually a minimum volume photoacoustic configuration, and its details are described elsewhere [9] . Almost all the OPC studies reported to date have been carried out at room temperature. Very recently, N.A. George et al. have demonstrated the use of a variable temperature OPC for the thermal characterization of combshaped polymers [10] . Consider an open cell photoacoustic configuration such as that shown in Fig. 1 . Let a thermally thin, solid absorbing layer be in contact with a non-absorbing liquid. If this system is exposed to modulated optical radia- Fig. 1 . Geometry of the OPC configuration tion, the absorbing layer absorbs the light and heat is generated periodically at the surface of this layer, which is in contact with the liquid sample. The heat generated is diffused through the absorbing layer behind it. The thermal diffusion equations for such a configuration are [11] :
and
where
2 and the thermal diffusivity is given by
. Here the suffix i denotes the liquid sample (i = s), the absorbing layer (i = 0) and the air in the microphone chamber (i = g). Assuming that the entire light is absorbed at x = −l 0 and solving (1a)- (1c) together with the boundary conditions of temperature and heat flux continuity, one can arrive at the expression for the acoustic pressure in the microphone chamber:
, γ is the ratio of heat capacities of air, P 0 and T 0 are the pressure and temperature of the gas inside the chamber, I 0 is the incident radiation intensity, l g is the length of the gas column in the cavity, β and l 0 are the optical absorption coefficient and thickness of the absorbing layer. Here ω = 2π f , where f is the modulation frequency.
For a thermally thin absorbing layer we can assume that l 0 σ 0 1, in which case the above expression reduces to the form:
Equation (3) implies that the acoustic signal now varies as f −1 and is proportional to the ratio
s , the inverse of the thermal effusivity of the transparent liquid.
However, if there is no liquid sample in contact with the absorbing layer, then the pressure fluctuation δQ 2 inside the cavity is given by:
Thus, according to (4), the signal varies as f − 3 2 and depends on the ratio α 0 /k 0 . Using this as a reference signal and from the ratio of (3) and (4), one can easily eliminate all the constants and other geometrical parameters determined by the cell. The thermal effusivity of the liquid sample can then be evaluated by measuring the signal amplitude as a function of modulation frequency from the absorbing layer-nonabsorbing liquid composite sample and that from the absorbing layer alone, provided the thickness, density and specific heat capacity of the thin layer are known.
Experimental
The experimental set-up used for the measurement of the thermal effusivity consisted of an Argon Ion laser (Liconix 5000), an open photoacoustic cell (OPC), a temperature controller, a mechanical chopper and a lock-in amplifier. Modulated optical radiation at 488 nm with a power level of 200 mW was used for the measurements. Both the liquid crystals 7OCB and 8OCB are optically non-absorbers at this wavelength. Investigations were carried out using a variable temperature, resonant, open photoacoustic cell. However, the measurements were carried out far below the resonance frequency (440 Hz) of the cell. A cross-sectional view of the sample-holder and resonant cell is shown in Fig. 2 . The liquid crystal sample holder was made of a nylon ring of thickness 3 mm, the bottom of which was closed by a 60-µm-thick copper foil. The copper foil was illuminated at the surface in contact with the liquid sample and the photoacoustic signal was detected at the other side. The microphone compartment and the sample chamber of the PA cell were acoustically coupled through a narrow-bore stainless steel tube of inner diameter 1 mm. Half of the sample holder was filled with the liquid crystal and the sample chamber was heated using a heater coil wound around the chamber The sample temperature was controlled to an accuracy of ±0.13
• C using a chromel-alumel thermocouple sensor along with a temperature controller. This reasonably good temperature stability was found to give an almost stable photoacoustic signal. The photoacoustic signal was detected using an electret microphone (Knowles BT 1834) and was processed using a lock-in amplifier (Stanford Research Systems SR 510). The signal amplitude was recorded as a function of laser beam modulation frequency for the empty sample holder and after filling it with the liquid crystal sample. Fig. 2 . Cross-sectional view of the open photoacoustic cell. N is the nylon ring, C is the copper foil, LC is the liquid crystal sample, T is the is thermocouple, S is the stainless steel body, H is the heater coil, ST is the stainless steel tube and M is the microphone
Results and discussion
Initially, the present experimental approach was verified using water and glycerol as the non-absorbing liquids. These liquids are very transparent in the visible region and their thermal properties are well known. The acoustic signal produced by the empty sample holder and that obtained after
